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Abstract 
In order to analyze the influence of geometry, combustion performance of interior materials, fire load, ventilation condition on the heat 
release rate of high-speed passenger train compartments and help the fire protection engineers to choose the reasonable heat release rate 
for high-speed passenger train compartments, the first-class, second-class, dining compartments of China Railways High-speed  train 
were taken for research objects, and the heat release rate and other thermal parameters of interior materials and component assemblies of 
high-speed passenger train compartments were measured and used as the input parameters of Fire Dynamics Simulator (FDS),and then 9
fire scenarios had been designed to obtain the heat release rate VS. time curves of high-speed passenger train compartments in different 
ventilation conditions. The research results show that because the fire load in the first-class, dining compartments is relatively lower, and 
the distance between combustible materials is relatively larger, the maximum heat release rate of the first class and dining compartments 
increases at first, and then begin to decrease, in the range of 1.8MW-4.4MW, with vent area increasing; because there are relatively more 
seats in the second-class train compartment and relatively shorter distance between 2 rows of seats, most of fuel are burned out and 
flashover has occurred quickly, the maximum heat release rate is in the range of 1.89MW-18.40MW. 
© 2014 The Authors. Published by Elsevier Ltd. Selection and peer-review under responsibility of the Academic Committee 
of ICPFFPE 2013. 
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1. Introduction 
There are three kinds of compartments in China Railways High-speed passenger train, which are known as the first-class, 
second-class, dining compartments, and designed in accordance with fire protection standards of International Union of 
Railways, Germany and China[1-2]. But nowadays the influence of geometry, combustion performance of interior materials, 
fire load, ventilation condition on the heat release rate of China Railways High-speed passenger train compartments has not 
been paid enough attention to in the discipline of fire safety science in China. 
Steinert[3],Ingason[4],Barber[5] had carried out a series of researches about the heat release rate of train compartments 
of subway, inter-city train, and so on, and their research results showed that the maximum heat release rate of the train 
compartments was in the range of 7-43MW, and the time to reach it was in the range of 5-80min. The huge difference 
among the heat release rate of train compartments in different experiments was caused by the difference of body structure, 
geometry, and interior materials of train compartments from different countries. So it is very difficult to estimate the heat
release of China Railways High-speed passenger train compartments according to the research results mentioned above. In 
the following, the first-class, second-class, dining compartments of China Railways High-speed train will be taken for 
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research objects, and the heat release rate and other thermal parameters of interior materials and component assemblies of 
China Railways High-speed passenger train compartments will be measured and used as the input parameters of FDS, and 
then 9 fire scenarios will be designed to obtain the heat release rate VS. time curves of China Railways High-speed 
passenger train compartments in different ventilation conditions, and then the influence of geometry, combustion 
performance of interior materials, fire load, ventilation condition on the heat release rate of high-speed passenger train 
compartments will be analyzed to help the fire protection engineers to choose the reasonable heat release rate for high-speed 
passenger train compartments. 
2. Model of High-speed Passenger Train Compartments and Combustion Performance of Interior Materials 
2.1. Model of High-speed Passenger Train Compartments 
Model of the first-class, second-class, dining compartments are built up exactly according to the CRH1 high-speed 
train[6], as shown in Fig. 1, 2, 3, the geometry of the three kinds of train compartments is all the same, with the length of 
26.95m, the width of 3.328m, the height of 4.04m. The more detailed information about China Railways High-speed 
passenger train compartments can be found in Ref.[1]. 
The key difference among the three kinds of train compartments is as follows: 
Window: there are 18 windows in the first-class train compartment, 20 windows in the second-class train compartment, 
and 20 windows in the dining train compartment. 
Seat: in the first-class train compartment, there are 72 seats, which are 0.5m wide, and arranged in the 2+2 pattern, the 
distance between 2 rows of seats is 0.97m, the width of aisle is 0.60m; in the second-class train compartment, there 101 
seats, which are 0.45m wide, and arranged in the 2+3 pattern, the distance between 2 rows of seats is 0.90m, the width of 
aisle is 0.58m; in the dining train compartment, there are 19 seats, which are arranged in 2+3 pattern, 2 Wheelchair zones 
for the disabled, 24 dining seats, 3 bar tables, 1 kitchen, 1 store room, and so on. 
 
 
 
 
Fig.1 Layout of first-class train compartment. 
 
 
 
 
Fig.2 Layout of second-class train compartment. 
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Fig.3 Layout of dining train compartment. 
2.2. Combustion Performance of Interior Materials 
According to the investigation results [7], the combustible accessories in a train compartment include the windows, seats, 
baggage racks, and other interior materials, and the main materials include the Polyvinyl Chloride (PVC), polycarbonate, 
aluminium alloy, polyurethane foam and fabric. The combustion performance and thermal parameters of all the materials 
can be found in Ref. [7-8]. 
3. Fire scenarios and Simulation 
In order to carry out the comparative study on the heat release rate of the three kinds of train compartments mentioned 
above, 9 kinds of fire scenarios are set up as shown in Table 1. 
Table1. List of fire scenarios in train compartments 
First-class train compartment Dining train compartment Second-class train compartment 
Fire scenarios 
No. 
Ventilation condition Fire scenarios 
No. 
Ventilation condition Fire scenarios 
No. 
Ventilation condition 
Doors Emergency 
windows Doors 
Emergency 
windows Doors 
Emergency 
windows 
A-1 closed closed B-1 closed closed C-1 closed closed 
A-2 open closed B-2 open closed C-1 open closed 
A-3 open 90s, open B-3 open 90s, open C-3 open 90s, open 
 
The large eddy model of FDS software[9-11] are used to simulate the ignition, growth, fully-developed, and decay 
phases in the train compartments. During the fire process, the combustible materials, including seats, windows, baggage 
rack, and other interior materials, are ignited by a ignition source in the middle of the train compartment, the area of which 
is 1.0mh1.0m. The heat release rate of ignition source increases from 0 to1000 kW/m2 in one second, then maintains 1000 
kW/m2 for 500 seconds, at last decreases from 1000 to 0 kW/m2 in 100 seconds. The time for an adult to break an 
emergency window is about 30s, and the fire alarm time and pre-evacuation time in a train compartment are respectively 
30s, so it is assumed that the emergency window is open in 90s after the fire is ignited. 
4. Analysis of Simulation Results 
4.1. Heat Release Rate of First-Class Train Compartment 
In the A-1 fire scenario, the nearest seats and other combustible materials are ignited by the ignition source in 20s. 
Because of the limitation of ventilation condition, the flame cannot continue to spread in the train compartment, and 
extinguishes in 140s. In the A-2 fire scenario, the nearest several rows of seats and other combustible materials are ignited 
by the ignition source rapidly, the flame spreads fast into the right and left parts of the train compartment. Although the 
ventilation condition is improved with the door open, the vent area is still not enough to keep continuous combustion in the 
train compartment, and the flame extinguishes in 1000s. In the A-3 fire scenario, the nearest two rows of seats and a little 
other combustible materials are ignited by the ignition source, the flame extinguishes in 600s. It is observed that the heat 
release rate of the train compartment does not keep increasing with the continuous improvement of ventilation condition, 
and the flame even extinguishes in advance. The main reason is that a great amount of hot smoke is extracted out of the train 
compartment, while the door and 5 emergency windows are all open, resulting in the low temperature of the train 
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compartment, which will suppress the fire spreading in the train compartment. According to the simulation results, the 
average maximum temperature of the first-class train compartment in A-1, A-2, A-3 fire scenarios is respectively 
254ć,266ć,211ć. The temperature in A-3 fire scenario is the lowest one among all the three fire scenarios, and this is 
consistent with the above analysis. 
The O2 volume fraction and heat release rate VS. time curves in first-class train compartment are shown as Fig.4. Only a 
fraction of the combustible materials in A-1, A-2, A-3 fire scenarios are burned out, and flashover does not occur. The 
maximum heat release rate of the first-class train compartment in A-1, A-2, A-3 fire scenarios is respectively 1.86MW, 
4.34MW, 2.25MW. 
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Fig.4. O2 volume fraction and heat release rate VS. time curves in first-class train compartment. 
4.2. Heat Release Rate of Dining Train Compartment 
In the B-1 fire scenario, the nearest seats and other combustible materials are ignited by the ignition source in 20s, and 
the flame cannot continue to spread in the train compartment, and extinguishes in 140s. In the B-2 fire scenario, the nearest 
seats and other combustible materials are ignited by the ignition source, and the flame extinguishes in 300s. In the A-3 fire 
scenario, the nearest seats and other combustible materials are ignited by the ignition source rapidly, the flame spreads into 
the right part of train compartment and the flame extinguishes with the ignition source in 600s. According to the simulation 
results, the average maximum temperature of the dining train compartment in B-1, B-2, B-3 fire scenarios is respectively 
239ć,249ć,241ć.  
The O2 volume fraction and heat release rate VS. time curves in dining train compartment are shown as Fig.5. Only a 
fraction of the combustible materials in B-1, B-2, B-3 fire scenarios are burned out, and flashover does not occur, just like in 
the A-1, A-2, A-3 fire scenarios. The maximum heat release rate of the dining train compartment in B-1, B-2, B-3 fire 
scenarios is respectively 1.93MW, 4.22MW, 3.39MW. 
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Fig.5. O2 volume fraction and heat release rate VS. time curves in dining compartment. 
4.3. Heat Release Rate of Second-Class Train Compartment 
In the C-1 fire scenario, a few nearest seats and other combustible materials are ignited by the ignition source in 20s, but 
the flame cannot continue to spread in the train compartment, and extinguishes in 150s. In the C-2 fire scenario, the nearest 
seats and other combustible materials are ignited by the ignition source rapidly, the flame spreads fast into the right part of 
the train compartment and the heat release rate reaches the first peak, and then the flame spreads from the right part into the 
left part of the train compartment and the heat release rate reaches the second peak. Because the door is open, the existing 
unburned gas and O2 near the door is enough to result in the continuous combustion of a fireball out of the door. In the C-3 
fire scenario, the average smoke temperature in the second-class train compartment begin to rocket after ignition, while the 
door is always open and the 5 emergency windows is open in 90s, almost all of the combustible materials in the second-
class train compartment are involved in burning, until all of them are burned out and then temperature begin to decline. The 
maximum average temperature in C-3 fire scenario is 586ć, which is higher than the criterion of flashover, in an other 
words, flashover has occurred in the second-class train compartment. The heat release rate of the second-class train 
compartment begins to increase rapidly at first, and reaches the maximum 18.40MW, and then begins to decrease. The heat 
release rate in C-3 fire scenario is extremely high and enough to threat the safety of tunnel, railway station, and passenger. 
The O2 volume fraction and heat release rate VS. time curves in second-class train compartment are shown as Fig.6. 
Almost all of the combustible materials in C-3 fire scenarios are burned out, and flashover has occurred. The maximum heat 
release rate of the second-class train compartment in C-1, C-2, C-3 fire scenarios is respective1.89MW, 5.62MW, 18.40MW. 
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Fig.6. O2 volume fraction and heat release rate VS. time curves in second-class train compartment. 
5. Comparative Analysis of Fire Scenarios and Simulation Results 
Table 2. List of fire scenarios and simulation results 
Train compartment Fire scenario No. 
Ventilation condition Heat release rate Average temperature 
Door Emergency 
window 
Maximum 
(MW) 
Time to maximum 
˄s˅ 
Maximum 
˄ć˅ 
Time to maximum 
˄s˅ 
First-class 
 
 
Dining 
 
 
Second-class 
A-1 closed closed 1.86 101 254 105 
A-2 open closed 4.34 392 266 293 
A-3 open 90s open 2.25 147 211 156 
B-1 closed closed 1.93 89 239 95 
B-2 open closed 4.22 209 249 288 
B-3 open 90s open 3.39 197 241 215 
C-1 closed closed 1.89 101 244 104 
C-2 open closed 5.62 410 280 1239 
C-3 open 90s open 18.40 494 568 507 
 
The influence factors of the heat release rate of high-speed passenger train compartment include geometry, fire load, 
combustion performance of interior materials, and ventilation condition [12]. Because the first-class, dining, second-class 
compartments of China Railways High-speed passenger train have the same geometry and interior materials, the difference 
about the heat release rate among the three kinds of train compartment mainly lies in fire load and its distribution, and 
ventilation condition. 
There are relatively lower fire load and relatively larger distance between combustible materials in the first-class and 
dining train compartment, so the flame is relatively hard to spread, resulting in a relatively lower maximum heat release rate 
in the range of 1.8MW-4.4MW. When the doors and windows are all closed, the air will be used up soon after ignition, and 
the fire will be limited to spread in the train compartment, as a kind of typical ventilation-controlled fire. When the doors 
are open and the windows are all closed, the ventilation condition is improved, but the vent area is still not enough to keep 
continuous combustion in the train compartment. When the doors and 5 emergency windows are open, the heat release rate 
of the train compartment does not keep increasing with the continuous improvement of ventilation condition, and the flame 
even extinguishes in advance, because a great amount of hot smoke is extracted out of the train compartment, resulting in 
the low temperature of the train compartment, which will suppress the fire spreading in the train compartment. 
The heat release rate VS. time curve in the second-class train compartment is very different from that in the first-class 
and dining train compartment, because there are more seats and shorter distance between two rows of seats in the second-
class train compartment. When the doors and 5 emergency windows are open, almost all of the combustible materials are 
burned out, and flashover has occurred in the second-class train compartment. 
113 Jun-min Chen et al. /  Procedia Engineering  71 ( 2014 )  107 – 113 
6. Conclusions 
Geometry, fire load, combustion performance of interior materials, and ventilation condition are the main influence 
factors of the heat release rate of high-speed passenger train compartment include. When the geometry and interior material 
is same, the higher fire load, shorter distance between the combustible materials and better ventilation condition are 
beneficial for the flame to spread in the train compartment. But when the fire load is relatively lower and the distance 
between the combustible materials is relatively larger, the better ventilation will suppress fire spreading in the train 
compartment, because a great amount of hot smoke is extracted out of the train compartment, resulting in the low 
temperature of the train compartment. 
(1) There are relatively lower fire load and relatively larger distance between combustible materials in the first-class and 
dining train compartment, so with the improvement of ventilation condition, the maximum heat release rate of the first class 
and dining train compartments increases at first, and then begin to decrease, in the range of 1.8MW-4.4MW. 
(2) There are relatively more seats and relatively shorter distance between 2 rows of seats in the second-class 
compartment. When the doors and 5 emergency windows are open, almost all of the combustible materials are burned out, 
and flashover has occurred, the maximum heat release rate in the second-class train compartment is in the range of 
1.89MW-18.40MW. 
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